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. Riemann , [Bayer &Lagarias 89,
Karmarkar 90, , 88], [Brockett 88]
[Nakamura 94] .
,
[Nesterov &Nemirovsky 94, 94, Jarre 92].
, Lyapunov
[Boyd et al94, , 94],
.
, Legendre , $\nabla^{*}$-
,
. [ , 88]
.
2 :
1 $R^{n}$ , $(\theta^{i})kR^{n}$ . , $\psi(\theta)$
. $\psi(\theta)$ ,
[Amari 85, Fujiwara 93].
$\psi(\theta)$ Hesse Riemann $g$
:




. , $[$ $k]$ Riemann
$[ij;k]:= \frac{1}{2}(\partial_{i}g_{jk}+$ $\partial_{k}g_{ij})$
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. $\alpha$ $=\pm 1$ $\nabla=\nabla^{(1)},$ $\nabla^{*}=\nabla^{(-1)}$ .
$\theta$
$\Gamma_{ijk}(\theta)=[ij;k]-\frac{1}{2}T_{ijk}(\theta)=0$ , $\Gamma_{ijk}^{*}(\theta)=[ij;k]+\frac{1}{2}T_{ijk}(\theta)=T_{ijk}(\theta)=\partial_{i}g_{jk}(\theta)$ $(2.4)$
. $\Gamma$ $(\theta$$)=0$ , $\theta$ $\nabla-$ . ,
$A,$ $B,$ $C$
$\partial_{i}g_{jk}=\Gamma_{ijk}$ $*kj\Leftrightarrow Ag$ $(B, C)=g(\nabla_{A}B, C)+g(B, \nabla_{A}^{*}C)$ (2.5)
, $\nabla$ $\nabla^{*}$ $g$ . $M$
$\psi$ $(\theta$ $)$ , $($ $, g, \nabla, \nabla^{*})$ .
, $\psi$ $(\theta$ $)$ (2.4) , $\nabla$ $\nabla^{*}$
, $0$ . .
Legendre ,
$\eta_{i}:=\partial_{i}\psi(\theta)$ , $\phi(\eta):=\sup_{\theta\in\Lambda t}\{\theta^{i}\eta_{i}-\psi(\theta)\}$ (2.6)
$(\eta_{i})$
$\eta$
$\phi$ $(\eta$ $)$ . Riemann
$g$ , $\nabla,\nabla^{*}$ ( ) $\partial$i $:= \frac{\partial}{\partial\eta i}$
r
$g^{ij}(\eta)=\partial^{i}\partial^{j}\phi(\eta)$ (2.7)
$\Gamma^{ijk}(\eta)=\partial^{i}\partial^{j}\partial^{k}\phi(\eta)$ , $\Gamma^{*ijk}(\eta)=0$ (2.8)
. , $\Gamma^{*ijk}(\eta)=0$ $\eta$ $\nabla^{*}-$ . , $\theta$ $\eta$
i Jacobi $g$ ,
$=g_{ij}\partial^{j}$ , $\partial^{i}=g^{ij}\partial_{j}$ (2.9)
, $(g_{ij}(\theta))$ $(g^{ij}(\eta))$ $p=p(\theta)=p(\eta)$ .








$\min c^{T}x$ , $x\in \mathcal{M}\subset R^{n}$ (3.1)
$\mathcal{A}\Lambda=\{x|f_{i}(x)\leq 0, i=1, \ldots, m\}$ , $f_{i}(x)$ : convex, $i=0,$ $\ldots m$
$\min f_{0}(x)$ , $x\in$ $\subset R^{n}$ (3.2)
$\Lambda 4=\{x|f_{i}(x)\leq 0, i=1, \ldots, m\}$ , $f_{i}(x)$ : convex, $i=0,$ $\ldots m$
$x^{n+1}$
$f_{m+1}(x, x^{n+1}):=f_{0}(x)-x^{n+1}$ (3.3)
$\min x^{n+1}=c^{T}\tilde{x}$ , $\tilde{x}\in\tilde{\mathcal{M}}\subset R^{n+1}$
$c=[0\ldots 1]$ , $\tilde{x}=[xx^{n+1}]$
$\tilde{\Lambda}4=\{\tilde{x}|f_{i}(x)\leq 0, i=1, \ldots, m+1\}$ , $f_{i}(x)$ : convex, $i=0,$ $\ldots\cdot m+1$





. $\psi(x)$ 1) int , $2$ ) $\psi(x)arrow\infty$ , (x $arrow\partial$ )
. $\psi(x)$ $\log$ barrier , $\log$ barrier
( $x_{AC}$ 1, .
(Path Following Method)
(Potential Reduction Method) [Nesterov &Nemirovsky 94] ,
(3.1)
.
i $)$ (Barrier Method)
$\Psi_{\mu}(x):=\mu c^{T}x+\psi(x)arrow\min$ (3.5)
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. $\mu$ . $x^{*}(\mu)$ $\Psi_{\mu}(x)$ , $x^{*}$
(3.1)
$x^{*}(\mu)arrow x^{*}$ $(\muarrow+\infty)$
. $\mu$ $\{\mu_{i}\}$ , $x^{*}(\mu_{i})$ Newton
$x^{*}(\mu)$ .
ii) (Method of Centers)
$\zeta$ $>0$
$\Psi_{t}(x):=-(\log($ $c^{T}x)$ $\psi(x)arrow\min$ (36)
. $x^{*}(t)$ $\Psi_{t}(x)$ , $t^{*}$ (3.1) $x^{*}$ ( )
$x^{*}(t)arrow x^{*}$ $(tarrow t^{*})$
. i) $t=$ , x $*$ (
Newton $x^{*}$ .
iii) (Primal Parallel ajectories Method)
cTx $=\tau$ $\psi$ (x)
$\psi(x)arrow$ min, st. $c^{T}x=\tau$
. $x^{*}(\tau)$ , $x^{*}(t)$
$x^{*}(\tau)arrow x^{*}$ $(\tauarrow$ $*)$
. $\tau$ $=\tau_{i}$ , $x^{*}(\tau_{i})$ Newton
$x^{*}(\tau)$ .
3 $\mu$), $x^{*}(t),$ $x^{*}(\tau)$ ,
.
i $)$ $\Psi\mu$ (x) , $\mu$ $>0$ $\mu$ )
$\mu c^{T}+grad\psi(x^{*}(\mu))=0$ (3.7)
. $\Psi$t(x) , ii) $t>$ $*$
$x^{*}(t)$
$\frac{\zeta}{t-c^{T_{X}}}+grad\Psi(x^{*}(t))=0$ (3.8)
. $\mu$ $>0$ , (3.7) $x^{*}(\mu)$ ,
x$*$ ( )
$t:= \frac{\zeta}{\mu}+c^{T}x^{*}(\mu)$ , $x^{*}(t):=x^{*}(\mu)$ (3.9)
, $t$ $(t)$ (3.8) . $x^{*}(\mu)$ $x^{*}(t)$
.
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, iii) $\psi(x)$ , $c^{T}x=$ $\tau$ $\psi$ (x) $x^{*}(\tau)$
. Lagrange $L(x, \lambda):=\psi(x)+\lambda(c^{T}x-t)$
$\lambda c^{T}+grad\psi(x^{*}(\lambda))=0$ , (3.10)
$\lambda$ $x^{*}(\lambda)$
$c^{T}x^{*}(\lambda)-\tau=0$ (3.11)
$x^{*}(\tau)=x^{*}(\lambda(\tau))$ . , $x^{*}(\mu)$ $x^{*}(\lambda)$
( $x^{*}(\tau)$ ) .
, 3 $x^{*}(\mu)$
. , Newton , $\psi$ (x) $=$





$\Phi_{\mu}(x);=\mu c^{T}x+\psi(x)$ , $c^{T}=[c_{1} c_{2} . . . c_{n}]$ (3.12)
. $\Phi_{\mu}(x)$ , $x^{*}(\mu)$





, Legendre $x$ $x(\mu)$
$\frac{dx^{i}}{d\mu}=-g^{ij}c_{j}=-g^{ij}\partial_{j}(c^{T}x)$ (3.16)
Riemann . $y=grad\psi(x)=0$
, $x_{AC}$ . $\nabla^{*}$-
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